The primary objective of this study was to assess the cumulative incidence of cause-specific mortality (CSM) and other causes of mortality (OCM) for patients with metastatic pancreatic duct adenocarcinoma (mPDAC). The secondary objective was to calculate the probability of CSM and build a competing risk nomogram to predict CSM for mPDAC.
Background
With substantial advances in diagnosis and treatment, many ordinary cancers have achieved steady improvements in survival rates during the last decades, whereas survival rates remain unoptimistic for pancreatic cancer. Pancreatic cancer has been the fourth leading cause of cancer-related death in America, with its mortality (n=44 330) estimated to approach its incidence rate (n=55 440) in 2018 [1] . Owing to the lack of effective screening protocols, approximately half of the cases of pancreatic cancer present with metastatic disease at diagnosis, for which the 5-year survival rate is a dismal 2% [2] . Meanwhile, over 85% of pancreatic cancer cases are pancreatic duct adenocarcinoma (PDAC) in pathology which unfortunately has the worst prognosis [3] .
Because of the disappointing survival rate for metastatic PDAC (mPDAC), most published studies have mainly focused on overall survival (OS) or cancer-specific survival (CSS) using the Kaplan-Meier method and Cox proportional approach [4] [5] [6] . These traditional statistical approaches ignore other competing events and might lead to unreliable results [7] . Thus, it might be necessary to take the competing risks into consideration when evaluating the prognosis of patients with mPDAC.
In this study, we conducted a competing risk analysis to assess the prognosis of mPDAC patients using data from the US Surveillance, Epidemiology and End Result (SEER) registry. In addition, we built a convenient competing risk nomogram to evaluate the probability of mPDAC-specific mortality.
Material and Methods

Data collection and patient selection
Data about patients with metastatic pancreatic adenocarcinoma were extracted from the publicly available SEER-18 registry of the US National Cancer Institute . Primary cancer site and histology were coded by using the International Classification of Diseases for Oncology, Third Edition (ICD-O-3). The analysis was restricted to pancreatic adenocarcinoma, according to the ICD-O-3 histology codes 8140/3 and the site codes: C250-C254 and C257-C259.
We limited our study in 2010-2015 as information on distant metastatic sites is only available for 2010+ diagnoses. In addition, only patients who met the following criteria were included in the current analysis: 1) older than 30 years at diagnosis; 2) clear information available about survival time, tumor size, surgery, TNM stage, and metastatic sites; 3) pancreatic adenocarcinoma as the first primary tumor if there were 2 or more. Of the 32 763 adults with metastatic pancreatic adenocarcinoma from 2010 to 2015 included into the SEER registry, 10 527 people were eligible for the present study. As the patient information is de-identified in the SEER registry, this study was exempted from institutional review board oversight.
Statistical analysis
Considering the influence of tumor characteristics and psychological mentation on prognosis, we presented the cumulative incidence function (CIF) by tumor location, gender, age at diagnosis, race, marital status at diagnosis, tumor size, sex, radiation therapy, chemotherapy, T classification at presentation, N classification at presentation, distant metastasis and surgery for cause-specific mortality and other causes of mortality (2 competing events). The diversities in CIF among variables were estimated by using Gray's test [8] . In addition, we made the proportional subdistribution hazard model by Fine and Gray to predict cause-specific mortality (CSM) and a competing-risk nomogram to predict prognosis for patients with mPDAC [9] . A bootstrap approach with 200 resamples was conducted to evaluate the model performance. An R function was used to calculate the c-index of the competing risk model to assess discrimination [10, 11] and calibration was assessed using a calibration curve [12] .
Statistical analysis was conducted by R software (version 3.3.1). The R packages cmprsk, rms, and mstate were used to build the model and nomogram [12] [13] [14] [15] and package pec was used for assessing model performance. Statistical significance was considered if a 2-tailed P value was lower than 0.05.
Results
Patient characteristics
Our study extracted 10 527 eligible patients diagnosed with mPDAC from 2010 to 2015 in the SEER program. 
Cause-specific mortality in mPDAC
Over a median follow-up of 3 months, mortality occurred in 8459 patients (80.36%): 8459 from mPDAC and 728 from other causes. Median cancer-specific survival remained steady at 2 months from 2010 to 2015. Table 1 summarizes the 6-month estimates of the cumulative incidence of CSM, and OCM according to gender, sex, age, race, tumor size, tumor location, marital status, TNM stage, chemotherapy, radiation therapy, bone metastasis, brain metastasis, liver metastasis, lung metastasis, and surgery. Six-month cumulative incidence of causespecific mortality for mPDAC was 60.3% and 5.9% for other causes. Gender, race, tumor location, N stage and lung metastasis didn't markedly affect cumulative incidence of cause-specific mortality, whereas patients with older age, larger tumor size, widowed, T2 stage, bone metastasis, brain metastasis and 3686 liver metastasis had a high one. Chemotherapy subdistribution hazard ratio (sdHR)was 0.54 (95% CI: 0.51-0.57), radiation therapy sdHR was 0.89 (95% CI: 0.83-0.97); and surgery sdHR was 0.65 (95% CI: 0.57-0.75), which resulted in decreased probability of cause-specific mortality. Figures 1 and 2 show the CIF curves of CSM and other causes, respectively. A nomogram predicting the probability of CSM is shown in Figure 3 , which was based on the Fine and Gray's model we built. With the help of this useful tool, we can individually predict the probability of half-year CSM for patients with mPDAC, by calculating the total points of patient's characteristics. The c-index for CSM of our model was 0.74, which suggests acceptable model discriminative ability. The calibration curve is displayed in Figure 4 . The calibration plot shows that the nomogram was well calibrated.
Discussion
In the present study, we assessed the mortality for patients with mPDAC diagnosed from 2010 to 2015 in the SEER registry. Sixmonth cumulative incidence for cause-specific mortality and other causes of mortality was 60.3% and 5.9%, respectively. Moreover, we built a convenient nomogram to predict the probability of cause-specific mortality for this cancer, however, this was all correlative not causative information. Probability of death Figure 1 . Cumulative incidence curves of cause-specific mortality based on patient characteristics.
In our current study, gender had no influence on cause-specific mortality (sdHR 0.98, 95%CI: 0.93-1.02). While another study on the prognosis of metastatic pancreatic cancer patients had a different point of view, indicating that female patients had better outcomes [16] . The difference between our study results might be from the discrepancy of statistical approaches, selection principles, and sample sizes.
As for the treatment of mPDAC, chemotherapy has been the first-line therapy for many decades, with proven efficacy in the area of meaningfully increased survival. Recently, FOLFIRINOX (fluorouracil, leucovorin, irinotecan, and oxaliplatin) and gemcitabine+nab-paclitaxel have shown a modest improvement in survival of mPDAC patients [2] . Similar to this result, about 60% of patients in our study were confirmed to have received chemotherapy which resulted in significant reduction of 6-month mortality (sdHR 0.54, 95% CI: 0.51-0.57). While 574 patients (5.5%) received radiation therapy, and they benefited a little from it (sdHR 0.89, 95% CI: 0.83-0.97). Consistent with our finding, Wang et al. [17] previously demonstrated that the overall survival for locally advanced and metastatic pancreatic cancer with acceptable toxicities can be improved in concurrent chemoradiotherapy use.
The benefit of local tumor resection has been proven for many solid tumors, including metastatic hepatocellular carcinoma [18] , metastatic breast cancer [19] , and metastatic non-functioning pancreatic neuroendocrine tumors [20, 21] . In a recent study, Tao et al. revealed that surgical resection of the primary tumor benefits both cancer-specific survival and overall survival in metastatic pancreatic cancer patients. However, their study was limited by a small surgical cohort [22] . Our observations also implied that surgery was associated with good survival (sdHR 0.65, 95% CI: 0.57-0.75), but only a tiny minority of patients (2%) had resection performed. Surgery might play a role in the treatment of a highly selected subset of mPDAC patients. 6-month probability of CSM Observed event status (%) Figure 4 . Calibration plot. The gray line represents equality between the predicted and observed probability.
One of our study advantages was the large cohort size and the precision of the competing risk model. The SEER database offers a large-scale sample. Unlike studies from single-institutions, we can drastically reduce potential selection bias [23] using the SEER database. In addition, with the help of the nomogram we built, clinicians can estimate individualized prognosis for patients with mPDAC.
Undeniably, our analysis has several potential limitations. First, some useful clinicopathological factors (such as C-reactive protein, pain, neutrophil-to-lymphocyte ratio) were not included in our analysis, without the needed corresponding records in the SEER program [24, 25] . Second, as the information on metastatic sites was unavailable before 2010, we only chose patients diagnosed from 2010 to 2015. The accuracy of this model might improve with longer follow-up. Finally, a bootstrap approach was used to assess model performance. Although it showed good performance, external validation based on other cohorts is still needed to estimate model accuracy.
Conclusions
In our current study, we assessed the CIF of CSM and OCM mortality for patients with mPDAC using the SEER database. We built a proportional subdistribution model to calculate the probability of 6-month CSM for patients with mPDAC. In addition, an easy nomogram was offered as a predictive tool for prognosis. However, a prospective study with a validation sample data set and further verification are needed to assess a profile for prognostic use.
